for Developmental Biology study, we looked for genes whose inactivation by RNAi led to a specific failure of both pronuclei to migrate, Tennis Court Road Cambridge CB2 1QR excluding those with additional defects in the pronuclear envelope or where no spindle was made. The genes United Kingdom identified fall into three different categories linked to regulation of microtubule-dependent functions. The first class comprises Prefoldin subunits 2 and 3 Summary ( Table 1 ). The corresponding proteins in Saccharomyces cerevisiae, Pac10 and Gim4p, are components of the Regulation of microtubule growth is critical for many Gim protein folding complex, which promotes the formacellular processes, including meiosis, mitosis, and nution of functional ␣-and ␥-tubulin in S. cerevisiae [8]. clear migration. We carried out a genome-wide RNAi Slower or improper folding of the newly synthesized screen in Caenorhabditis elegans to identify genes tubulin could impair MT formation and thus pronuclear required for pronuclear migration, one of the first migration. events in embryogenesis requiring microtubules.
to Figures 2D and 2J ). This may reflect the In tac-1(RNAi) embryos, migration of the maternal pronucleus does not take place ( Figure 1F ). The sperm fact that in tac-1(RNAi) embryos, the tubulin that fails to be recruited to the short astral MTs can still form centrioles duplicate and migrate around the paternal pronucleus ( Figure 1E ), but the sperm pronuclearcortical arrays as in earlier wild-type stages. The presence of these MTs suggests that the absence of TAC-1 centrosomal complex does not move toward the center of the embryo or rotate onto the anterior-posterior axis.
specifically affects MTs nucleated from the centrosome. To determine if TAC-1 regulates mitotic spindle length A transversely aligned spindle is then formed by the centrosomes and the sperm DNA at the posterior of the as well as the length of astral MTs, we measured the distance between the two centrosomes at the metaembryo ( Figure 1G ). In addition, 30% of early embryos exhibit a meiotic defect ( Figure 1I and data Figures 1C and 1G ). Delayed maternal nuclear envelope breakdown in the absence of pronuclear migration has contrast to the alignment defect observed in TACC3-depleted human cells [20] . As TACC3 is strongly associalso been observed when dynein heavy chain is inhibited by RNAi [10] . As only the paternal pronucleus is associated both with the spindle microtubules and with the centrosomes, a localization pattern that is slightly differated with centrosomes, this suggests that activities inducing nuclear envelope breakdown and/or entry into ent from the distribution of TAC-1 (see below), TACC3 could regulate spindle MTs differently. mitosis could be associated with the centrosome. Indeed, work in mammalian cells has shown that nuclear Using antibodies raised against full-length TAC-1, we found that TAC-1 is first associated with the meiotic envelope breakdown proceeds via tearing induced by centrosomal microtubules [18], and factors required for spindle and is enriched at the spindle poles ( Figure 3Aii ). As the sperm aster grows, TAC-1 is recruited to the mitotic entry, such as cyclin-dependant kinase 1 (cdk1), accumulate at the centrosomes in their active form [19] . centrosomes (Figure 3Aiv ), where it accumulates as they mature, reaching a peak at metaphase (Figure 3Avi ). Taken together, these defects show that tac-1 is required for normal MTOC (centrosomal or acentrosomal)-This localization pattern is similar to that of components of the pericentriolar material, such as the nucleating associated functions.
To determine whether these defects are a result of factor ␥-tubulin and the microtubule-associated protein ZYG-9 [3, 21]. At telophase, centrosomal TAC-1 associaaltered MT regulation, we looked at the distribution of MTs in 1-celled tac-1(RNAi) embryos. To compare tion becomes weaker, coinciding with the change of aster shapes observed in the 1-celled C. elegans embryo equivalent wild-type and mutant stages, we used the state of DNA condensation to stage the embryos. In (Figure 3Aviii) . To examine the dynamics of TAC-1 localization, we wild-type embryos, from rotation of the pronuclearcentrosomal complex to the end of mitosis, MTs nuclefollowed the behavior of a GFP:TAC-1 fusion protein ( Figure 3B ). As seen for the endogenous protein, in vivo and is able to phosphorylate the middle part of the protein (absent in TAC-1) very efficiently in vitro GFP:TAC-1 is localized to the centrosomes before pronuclear migration and becomes highly concentrated [23] . It remains to be determined if AIR-1 can directly phosphorylate TAC-1. there, reaching a peak at metaphase ( Figure 3B, ϩ85 s) .
During anaphase, GFP:TAC-1 starts to disappear from
The defects in meiosis, pronuclear migration, and the short microtubules observed in tac-1(RNAi) embryos are the center of the aster (see hole in Figure 3B , ϩ130 s and ϩ140 s). By the end of telophase, two foci of very similar to the defects of zyg-9 mutant embryos [3], and we also found the zyg-9 gene in our RNAi screen. GFP:TAC-1, which are probably associated with the newly duplicated centrosome, are observed in the cen-ZYG-9 is a microtubule-associated protein of the XMAP215/MSPs/ChTOG family. Although proteins from ter of the "old" ring of GFP:TAC-1 ( Figure 3B, ϩ700 s) . During interphase, centrosomal GFP:TAC-1 reaccumuthis family are associated with the centrosome, where MT minus ends lie, they primarily affect plus end, rather lates until the next mitosis ( Figure 3B, ϩ805 s) Consistent with the idea that ZYG-9 and TAC-1 might act in a common process, we found that embryos de-( Figure 3C ). We conclude that C. elegans TAC-1 is present on the meiotic spindle and is dynamically associated pleted for both proteins have the same phenotypes as those in which only one is inhibited (n ϭ 7; data not with centrosomes.
The C. elegans homolog of aurora A, the AIR-1 kinase, shown). To explore further the relationship between TAC-1 and ZYG-9, we asked whether they were depenis essential for centrosome maturation and for the recruitment of several components of the PCM [2]. Simident on each other for their centrosomal localization. In tac-1(RNAi) embryos, centrosomal ZYG-9 is undetectlarly, we found that TAC-1 is absent from the centrosomes in air-1(RNAi) embryos ( Figure 4M , 7/7 early able ( Figure 4F ). We also found that TAC-1 centrosomal localization depends on the presence of ZYG-9 ( Figure  embryos) . In Drosophila, aurora A interacts with D-TACC 
